Bacteriophage 4X174 DNA was labeled in vivo with [methyl-3H] Methylation of DNA occurs in viruses, bacteria, and higher organisms and has been the topic of intensive study. A possible role of DNA methylation in cell differentiation has been discussed (15). Other evidence suggests that methylation is involved in DNA modification and restriction (1). Experiments carried out in bacteria have demonstrated that methylation of DNA is related to DNA replication, and that this process normally occurs in the nascent DNA strand close to or at the replication point (3, 10, 11).
Bacteriophage 4X174 DNA was labeled in vivo with [methyl-3H]methionine. The methyl-labeled progeny DNA was extracted from purified bacteriophage 4X174 particles and was used as template for in vitro synthesis of the complementary strand in the presence of the nucleoside triphosphates and Escherichia coli polymerase I. The resultant replicative form DNA was then cleaved, in separate experiments, with restriction endonucleases from Haemophilus influenzae and H. aegyptius. The DNA fragments were analyzed by polyacrylamide gel electrophoresis. It is concluded that the single methylcytosine in the viral DNA is located in a specific region of the 4X174 genome, very likely in gene H.
Methylation of DNA occurs in viruses, bacteria, and higher organisms and has been the topic of intensive study. A possible role of DNA methylation in cell differentiation has been discussed (15) . Other evidence suggests that methylation is involved in DNA modification and restriction (1) . Experiments carried out in bacteria have demonstrated that methylation of DNA is related to DNA replication, and that this process normally occurs in the nascent DNA strand close to or at the replication point (3, 10, 11) .
The small circular DNA of bacteriophage OX174 provides a convenient system for the study of DNA methylation. Experiments previously reported from this laboratory showed that the only methylated base present in OX174
DNA is 5-methylcytosine, occurring at a frequency of one per DNA molecule. In addition, this minor base was found exclusively in the dinucleotide fraction of the pyrimidine isopliths, suggesting that it is present in a nonrandom distribution in the OX genome (13) . Further studies on the process of in vivo DNA methylation during the infection of Escherichia coli C with 4X174 revealed that methylation of OX occurs on the nascent DNA strand of the replicating intermediates involved in the synthesis of progeny single-stranded DNA (14) . The use of restriction enzymes to cleave 4X174 DNA into specific fragments has been previously described (5, 7, 12) , and a cleavage map of the 4X174 genome by these enzymes has been prepared (llb). In this paper, we report the results of restriction enzyme digestions of the methyl-labeled viral DNA, after its conversion to the replicative form by in vitro synthesis in the presence of nucleoside triphosphates and E. coli polymerase I, and the location of the methyl group in the genome.
MATERIALS AND METHODS E. coli strain. E. coli C416 (pur-, met-, arg-, try-) was used as the host strain.
Phage strain. A lysis-defective mutant of phage 4X174, am3, was used.
Medium. The growth medium used was the Trispyruvate-glucose medium of Sinsheimer et al. (16) supplemented with (per milliliter): 50 jig of 18 amino acids, 4 (2.6 Ci/ mmol) was added to the culture. The final concentration of L-methionine was 4 ug/ml, and the cells were collected by centrifugation after 2 h. Alternately, a 100-ml culture of E. coli C416 was grown up to 5 x 108 cells per ml. The cells were washed free of methionine and resuspended in the same volume of growth medium, including all supplements except methionine.
After 15 min of aeration at 37 C, 10 mCi of 4methyl-3Hjmethionine (2.6 Ci/mmol) was added.
The final concentration of methionine was 5 gg/ml (carrier free). The cells were infected with am3 (multiplicity of infection = 10) after 10 min. Incubation was at 37 C for 2 h with aeration. The DNA of the progeny virus was prepared as described by Razin et al. (13) . After alcohol precipitation, the viral DNA was suspended in a 70-uliter solution of 0.01 M Tris (pH 8) and 0.001 M EDTA, and was stored at -10 C.
In vitro synthesis of the complementary strand of methyl-labeled DNA. The reactions were carried out in 130 mM Tris (pH 7.4), 13 mM KCl, and 5 mM MgCl2. The reaction mixture (300 ,liters) contained 0.25 umol each of dCTP, dGTP, dTTP, and dATP, and 0.16 nmol of [a_32P] dXTP (108 Ci/mmol), 0.04 ,umol (in-pucleotides) of methyl-labeled DNA, 0.003 pmol of (pApG)4 as primer (K. Grohmann, personal communication), and 15 U of DNA polymerase I. The progress of synthesis was followed by measuring the accumulation of acid-insoluble radioactivity with time. The mixture was incubated at 15 C for 9 h, at which time repair synthesis was complete (4). Reaction was stopped by the addition of EDTA to 10 mM.
Polyacrylamide gel electrophoresis. Before electrophoresis, the digestion mixture was adjusted to 1% sodium dodecyl sulfate and 15% sucrose. The mixture was placed on the sample well (lla) of a cylindrical polyacrylamide gel. The electrophoresis buffer consisted of 0.04 M Tris, 0.02 M sodium acetate, 1 mM EDTA, and 0.1% sodium dodecyl sulfate (pH 7.8) . Conditions of electrophoresis are described in the figure legends. To quantitate the radioactivity, gels were frozen and cut into 1-mm segments by using a Mickle gel slicer (Brinkman Instruments). Gel slices were solubilized with toluene-liquifluor containing 9% NCS (Amersham-Searle) and 1% water, and the radioactivity was measured in a Beckman liquid scintillation counter.
RESULTS
The discovery of a unique methylcytosine group in the progeny phage OX DNA by Razin et al. (14) promoted us to locate it in restriction enzyme fragments and thereby on the OX genetic map.
Sedimentation profile of the methyl-labeled DNA. To verify the purity of the methyllabeled DNA prepared by the above methods, viral DNA samples were sedimented through an alkaline cesium chloride gradient as shown in Fig. 1 The peak fractions containing the RF DNA were pooled into two SW41 polyallomer tubes. Two volumes of absolute alcohol were added, the solution was well mixed, and then it was stored at -20 C for at least 8 h.
The DNA was collected by centrifugation at 35,000 rpm for 1 h and resuspended in 50 Mliters of 0.005 M Tris (pH 7.4) for the Haemophilus restriction enzyme digestions.
Digestion of in vitro methyl-labeled RF with H. influenzae restriction endonuclease. The H. influenzae restriction enzyme (Hin) produces specific cleavage in double-stranded DNA at a sequence of six nucleotides, G, T, Py I Pu A, C (9). The fragments produced by the action of this enzyme on the replicative form of 4X174 have been characterized (5, llb). The R fragments range in size from 1,000 to 80 base pairs. The R6 band contains three distinct tracts (R6a, b, and c) very similar in size, and R7 contains two distinct tracts, R7a and R7b, which can be partially separated into two peaks on 5% polyacrylamide gels.
The in vitro RF containing a [methyl-3H]-labeled viral strand and an [a-32P]dTTP-labeled complementary strand was digested with the restriction endonuclease from H. influenzae. The results of a polyacrylamide gel electrophoresis of the resultant fragments are shown in Fig. 3 . It is evident that the R6 band contained the largest amount of the 3H-viral label. However, there was also a significant amount of the 3H-label distributed in all the other fragments.
This background incorporation into all fragments was expected since, as reported earlier (13), the [methyl-3H Imethionine d6es not exclusively label the methylated base. Under the in vivo labeling conditions described above, only 25 to 35% of the 3H-viral DNA label was found in the 5-methylcytosine spot by base composition analysis. The remainder of the 3H-label was found mainly in thymine and guanine. The data of Fig. 3 suggest that this nonspecific label was randomly distributed among the fragments.
The small peak trapped in the 20% gel cushion may consist of R10 and small nucleotides, possibly derived from slight contamination of the enzyme with an exonuclease activity. The total 3H-counts under each band were summed and plotted against their relative mobilities (Fig. 3 insert) . A linear relationship was observed between the logarithm of the integrated counts and their electrophoretic mobility for every band except R6. Since band R6 has been shown to contain three distinct tracts very similar in size, it might be expected to contain three times the amount of counts as other bands. Instead, it contained about 30% of the total 3H-viral label, twice as much as the expected value. This result leads us to conclude that the [methyl-3H]-viral label was preferentially located in the R6 band. The distribution of the 3H-viral label in the resultant fragments was analyzed by polyacrylamide gel electrophoresis. The Z2 fragment contained the largest amount of the 3H-label in the viral strand (Fig. 4) . When the 3H-label under each band was summed and plotted against its relative mobility (Fig. 4 insert) , Z2 was found to contain 36% of the total 3H-counts recovered from the gel, 2.5 times more 3H-label than otherwise expected. The 3H-count in Z5 was also enhanced; this fragment contained about twice the expected label (9% of the total 3H-radioactivity). Z6 has been shown to contain two tracts and, thus, has a normal content of 3H-radioactivity with respect to other fragments. The peak trapped inside the 20% gel at the end of the gel may consist of Z10 and other nucleotides resulting from enzyme digestion; it contained less than 2% of the total 3H-label.
The [C-32P] The excess 3H-label found in Z5 (4 to 5% of the total) is difficult to explain; it occurred in both preparations of methyl-labeled DNA with the different labeling conditions. Z5 overlapped in part with R6a and R7a in the restriction enzyme fragment map. One possible explanation is that the part of Z5 which overlapped with R6a was highly biased in its base composition, since considerable 3H-label was also incorporated,
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